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The sensitivity of the basic economic order quantity (EOQ) model to continuous purchase price 
changes is explored. The phenomenon of continuous price changes exists in several eonntries and it 
is not likely to improve. The paper shows that using the ¢onventionui EOQ can be quite cosily and 
far from optimal, if the holding cost rate is determined erroneously by ignoring the price change. 
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I. INTRODUCTION order strategy and EOQ strategy for any time 
horizon of interest have also been developed [14]. 
THE ECONOMIC order quantity (EOQ) model Some researchers suggest that the EOQ could be 
has been around for about 75 years. The wide quite sensitive to demand forecast errors when 
popularity of the model is due to several factors, the lead time is nonzero [10]. The effects of 
including the ease of teaching, manipulation, advertising, price elasticity and economies of 
and calculation. In addition, the model is highly scale, and the possibility of some ordered defec- 
robust to errors in the specification of the cost tive items on the EOQ have been investigated 
parameters and the demand rate, if the holding [7], as well as the effect of changing the setup 
rate is relatively low. Although the basic model cost in a dynamic lot size model [17]. Woolsey 
has several quite restrictive assumptions, these [16] claims that the EOQ model has no sense 
assumptions have long been relaxed by new of reality due to the considerable uncertainty 
versions that better represent the real world [13]. present in the values of the parameters. His 
The objective of this paper is to demonstrate the closing statement is as follows: "If  you continue 
basic model's sensitivity to continuous purchase to love and use the EOQ without knowing what 
price changes, a common situation in high- it is costing you, I can only suggest that you 
inflation countries (such as Turkey, which had deserve each other." In response, Weiss [15] 
an official average annual inflation rate of 44.3% states that the real problem with the basic EOQ 
during 1982-1989 [l]). model is that it should attempt to manage and 
The sensitivity of the model has been examined change the system rather than optimize the 
with respect to changes in the demand rate, system. 
setup cost, holding cost [2], and known future In the studies mentioned above, the planning 
price changes [11]. Various extensions of the horizon is usually partitioned into two disjoint 
model were published for situations where the time intervals in which a single or some of the 
price increase does not coincide with the end cost factors are allowed to differ. This approach 
of an EOQ cycle [14], and for an optimal policy is suitable when the inflation rate is stable at 
for the finite and the infinite-horizon problem in low rates or when the cost changes occur 
which a single change in any or all of the cost infrequently. Models incorporating inflation 
factors is allowed [8]. Cost expressions of special have been developed [5, 13]; these studies have 
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assumed that the inflation rate is constant and where p is the deviation rate from Q*, then 
used the present value analysis. The objective of  the percentage cost penalty for not using Q* 
this paper is to examine the effect of  continuous is 50[p2/(1 + p)] [13]. Thus, in most cases in- 
purchase price changes on the total cost of  the expensive and crude estimates of the parameters 
basic EOQ model in a typical year. would suffice and certain order quantities may 
In the following section, the basic EOQmodel  have additional appeal over Q* due to the 
is outlined. In the third section, the effects of  factors and constraints which are not included 
purchase price changes on the basic EOQ model in the model [13]. 
are analyzed, and an approximate analytical 
expression for the optimal order quantity is 3. EFFECT OF PURCHASE PRICE CHANGE 
developed. Finally, in the last section, some ON THE BASIC EOQ MODEL 
concluding remarks on this study are given. 
Suppose the purchase price of  the item 
2. BASIC EOQ MODEL changes continuously at an annual rate of p. 
In other words, the purchase price of the item 
The basic EOQ model attempts to identify C increases to (1 +p)C in one year. A nonzero 
the order size Q that will minimize the sum p value implies an increase in TC; the annual 
of  the annual costs of  holding and ordering holding and purchasing costs would be larger 
the inventory and the cost of  purchasing the than the ones in the TC expression of the 
inventory. The total annual cost associated with basic model. Note that the annual ordering cost 
holding, ordering and purchasing the inventory is unaffected. The revised total annual cost 
can be expressed as follows: expression, TCp, can be written as follows: 
TC = DS/Q + QIC/2 + DC TCp = DS/Q 4- QC[I 4- (QI/2D)] [p/{(1 + p)qm _ I}]. 
where D is the annual demand rate, S is the The derivation of the above expression is shown 
setup (ordering) cost, Q is the order quantity, in Appendix A. The graph of TCp as Q increases 
I is the holding cost rate, and C is the unit from zero to 2D is depicted in Fig. 1 for different 
purchase cost. Note that the last term in the p values. The other parameters in the figure are 
expression can be neglected since it is a con- as follows: D = 1000, C = 1, S = 100, I = 0.5. 
stant; it is included to express the exact value If  an upper bound is imposed on the order 
of  TC and the effect of  a change in C will be quantity, then as depicted in Fig. 1, for p 
examined in the following sections, larger than a critical value, Pc, the upper bound 
Inventory holding cost is the relatively becomes the optimal order quantity. For  p < Pc, 
ambiguous cost factor in the model. It includes both the optimal order quantity, Q*,  and the 
the opportunity cost of the money invested associated optimal total cost, TCp(Q*), increase 
and the expenses to hold the item in stock and as p increases. The constraint of imposing an 
is estimated by management accountants. It is upper bound on the order quantity is a fie- 
lower bounded by the cost of money to the firm quently encountered situation in real life; for 
and upper bounded by the best rate of  return example, one of the several nonbinding con- 
of  the most desired product in an expanding straints, such as warehouse, finance, etc., turns 
market. The value of  I is suggested to be typically 
in the range 0.15-0.35 [6, 12]. 3o0o - 
The optimum value of Q, Q*, is usually 
referred to as Wilson's economic lot size and 2s0o i ~ pP =0.4  .0 
may be expressed as follows: ~ ~ - - -  p = 1.o 
Q,  = (2DS/IC)t/2. ~ 2000 
The TC curve is quite flat in the area of  Q* ~- 150o 
especially if I is relatively small, and this has k _ . . . . .  
been recognised quite a while ago [3, 4]. This 10o0 I I I . . . . .  -t 
implies that reasonably sized deviations from o soo looo l soo aooo 
Q* have little impact on TC; for example, if a Order quantity 
quantity Q'  = (1 + p)Q* is used instead of  Q* Fig. 1. Total cost values. 
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into a binding one as Q increases. The analysis identical to the ones in Fig. 1. The ratio values 
conducted on the value of Pc by solving prob- are close to unity for small p; especially for 
lems with parameters of extreme values suggests large/, they are close to unity for significantly 
that p, is smaller than I. large p. On the other hand, the ratio values are 
The optimal order quantity, Q*, associated significantly smaller than unity for p larger than 
with p could be obtained by setting dTCp/dQ I. I is expected to be at least equal to or larger 
equal to zero and solving for Q. Unfortunately, than the purchase price change rates, since I 
the roots of the resulting expression cannot be includes the opportunity cost which is related to 
determined directly. However, an approximate the price changes and the expenses of holding 
analytical expression for the roots can be the item in stock. In other words, the portion 
derived using the Taylor series expansion of of the graph in which the ratio values are close 
dTCp/dQ at Q = D. The dTCp/dQ expression to unity is relevant. Thus, determining the value 
and the approximate analytical expression of of I with the purchase price change being taken 
Q* are given in Appendix B. into account diminishes the detrimental effects 
The effect of using Q* which ignores the of a nonzero p on the basic model. On the other 
purchase price change can be determined as hand, an erroneously determined I can result 
follows: Let TCp(Q*) denote the cost associated in significantly low ratio values. The ratio 
with the optimal order quantity calculated by values decrease down to 0.71, 0.72, 0.80, 0.84 for 
considering the price change and let TCp(Q*) I values of 0.2, 0.6, 1.0, 1.2, respectively, for 
denote the cost associated with Q* calculated p values up to 1. This suggests that the model 
by ignoring the price change. Note that the with continuous price change is highly sensitive 
calculation of TCp(Q*) involves the price to the errors in the value of I. 
change. The ratio, TCp(Q*)/TCp(Q*)measures The model is quite robust to changes in D 
the sensitivity of the basic model to purchase and S. A ceteris paribus analysis conducted 
price changes. TCp(Q*) can be found either by to examine the effect of varying D and S on 
utilizing the approximate analytical expression TCp(Q*)/TCp(Q*) reveals that the effects are 
of Q* given in Appendix B or by evaluating the relatively minor. 
TCp expression for the possible order quantities. 
Since the analytical expression of Q* is an 4. CONCLUDING REMARKS 
approximate one, order quantities from zero 
to 2D are considered with increments of 0.02D In this article, it is shown that utilizing the 
in the analysis below, basic EOQ model in an environment with 
As p increases, the aforementioned ratio value continuous purchase price changes can result 
is expected to decrease, since an increasing p in significant losses, especially if the important 
implies increasing annual holding and purchase relationship between p and I cannot be estab- 
costs and the increases in these cost terms would lished due to erratic price changes. The amount 
cause Q* to deviate from the optimal value, of loss is highly sensitive to p and L for p values 
Figure 2 depicts the ratio of TCp(Q*) and larger than I, the amount of loss can be of 
TCp(Q*) for p values from zero to 1 and I values significant size. Fortunately, such cases are quite 
from 0.2 to 1.2. The other parameters are unrealistic, since the computation of/ includes 
the opportunity cost and the various expenses 
1.05 - to hold the item in stock. It is also noted that 
other parameter values have little effect on the 
® ~ ~  0.95 '",.,..,---'=~ , optimal total cost value. 
= It can be argued that a new EOQ could be 
0.85 calculated at the beginning of each replenish- 
o ment cycle; thereby, the purchase price change 
I= 0.6 ...... ~ is taken into account. On the other hand, the 
w 0.7s - ___-- I=l=l.al.0 .... ~ EOQ is often used as an approximate model 
0.8~ I I I L t t I for a majority of items (especially B and C 
0 10 20 30 40 50 60 70 80 90 100 items which are of medium or low importance) 
p (%) whose policies one does not want to update 
Fig. 2. TCp(Q*)/TCp(Q*) values, frequently. 
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An approximate analytical expression for the 25oo - - -  Roots of polynomial 
optimal order quantity for an annual change ~ Exact opt. quantity 
rate of  p is also developed by Taylor series ~ 2000 
expansion. Comparison of  the approximate and "~ ~ 
exact values shows that the difference between o 1500 - 
the value of  one of  the roots and the exact ~ 
value is negligibly small. On the other hand, the ,.- 1000 - 
other root yields results significantly far from ~ 
the exact value. 500 - - - - - - - - q  I I I I I 
0.05 0.10 0.15 0.20 0.25 0.30 
p 
A P P E N D I X  A Fig. 3. Exact and approximate values of Q*. 
The purchase price increases to 
C(1 +p)t/-~)(Q/o) at the beginning of the j t h  The roots of the polynomial formed by the first 
cycle, since the length of  a cycle is Q / D .  The three terms of  the Taylor series can be found as 
annual purchase price and the annual holding follows: 
cost of  the item are 
Q* = [Df"(D) - f ' ( D )  
O/Q + {[ f  ,(D)12 _ 2f,,(O)f(D)}t/2]/f,,(D) QC ~. (I + p)ti-I~Q:o) 
J= ' where 
a n d  
O/Q f ( D )  = --S/D + C[1 + 1] -- Cp,[1 +//21 
[QIC/2] [Q/D] ~_, (I +p)t~-l)(O/o) 
j=l f ' ( O )  = 2S/D 2 + CI/O -- [2Cp,/D] [1 + I] 
respectively, since there are D / Q  cycles in a year. 
+ [Cp2/D ] [1 + 1/2] 
Thus, the revised total cost expression, TCp, can 
be written as follows: f " (D)  = -6S /D  3 + [3Cp2/D 2] [1 + I] 
O/Q -- [3Clpl/D 2] - [Cp3/D 2] [1 + 1/2] 
TCp = DS/Q + [Q21C/2D] ~ (1 + p)CJ-O~Q/D) 
j= ~ and 
D/Q 
+ QC ~ (1 +p)U-I~0/o) p~ = [(1 + p ) I n  (1 +p)]/p 
j = l  
The summation p2 = lP~ (2 +p)  In (1 +p)l/p 
o/0 P3 = [PJ (p2 + 6p + 6) In 2 (1 +p)]/p2 
(I +p)tJ-l)(ew) 
:=' Figure 3 depicts the two roots of  the poly- 
can be written as [p/{(1 + p ) Q / n _  1}], since nomial for the problem depicted in Fig. 1. 
N Figure 3 also depicts the exact Q* values for the 
x" = (1 - x N÷ ~)/(1 - x) same problem. The exact values of  Q* are found 
.=o by considering order quantities from zero to 2D 
for x ( x  # 0 or x # 1). Thus, TCp expression can with increments of 0.02D. Note that Pc is 0.29. 
be simplified to the following: 
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